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Abstract
Recently, there has been increasing interest and progress in improvising the approxi-
mation algorithm for well-known NP-Complete problems, particularly the approximation
algorithm for the Vertex-Cover problem. Here we have proposed a polynomial time effi-
cient algorithm for vertex-cover problem for more approximate to the optimal solution,
which lead to the worst time complexity Θ(V 2) and space complexity Θ(V + E). We
show that our proposed method is more approximate with example and theorem proof.
Our algorithm also induces improvement on previous algorithms for the independent set
problem on graphs of small and high degree.
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1 Introduction
A graph G represents as G = (V, E): V is number of vertices in graph and E is number of edges
in graph and impliment as an adjacency lists or as an adjacency matrix for both directed and
undirected graphs. There are two types of graph i.e. (I) Sparse graphs-those for which |E| is
much less than |V |2 (E << V 2). (II) Dense graphs-those for which |E| is close to |V |2(E ≃ V 2).
Here we presented the graph as the adjacency-list for the evaluation of our algorithm.
The vertex-cover problem is to find a minimum number of vertex to cover a given undirected
∗deepakpnitr@gmail.com
1
graph. We call such a vertex cover an optimal vertex cover. This problem is the optimization
version of an NP-complete decision problem. Proposed algorithm is polynomial time algorithm
in order to find the set of vertex to cover the graph. Which shows the better performance than
the traditional algorithm for vertex cover [1].
2 The vertex-cover problem
As it is NP-Hard problem so it is hard to find an optimal solution of a graph G, but not
difficult to find a near optimal solution. Our propose method gives very near optimal solution
for Vertex-cover problem. The following approximation algorithm takes an undirected graph
G as input [1] and returns a set of vertex to cover the graph and whose size is less than the
previous method.
All graphs mentioned here are simple undirected graph. We follow [2] for definitions. Our
proposed method (See algorithm and Fig.2) is on undirected graph. Here we used the adjacency
list to represent graph G. We introduce a new field weight in the list to store the degree of each
individual vertex. i.e.
struct list
{
char vertex;
int weight;
struct node *next;
struct node *ref;
};
It’s space complexity is Θ(V + E) [1]. For step 4 search in the list is O(V). In the for loop
i.e. step 8 to 10 for each individual vertex need to search its reference vertices. So worst time
complexity is O(V ∗ (V − 1))= O(V 2). So the worst time complexity of the graph is Θ(V 2).
Theorem 1. (Thomas H. Cormen et.al. [1]) APPROX-VERTEX-COVER is a polynomial-time
2-approximation algorithm.
Theorem 2. Proposed Approximate Vertex-Cover is a polynomial-time (2− ε)-approximation
algorithm.
Proof. In Theorem 1 C is the set of vertex for APPROX-VERTEX-COVER and C∗ in the
optimal vertex cover i.e.|C| ≤ 2|C∗|. In our approach we pick one vertex and remove the edges
connected to that vertex. So most of the times we don’t consider both end point of one edges,
which followed in Theorem 1. For our proposed method we consider the resultant set of vertex
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Algorithm 1 Approximate Vertex-Cover Algorithm
Require: In the List we introduce another field weight
The value of weight is number of node in reference (ref)
1: C+ ← ∅
2: L = List
3: L[w] = Reference weight
4: (h, v) = highest weight of the list and respective vertex
5: if h 6= 0 then
6: C+ ← C+ ∪ v
7: v[w] ← 0
8: for all vertex of List L[ref] ∈ {v} do
9: L[w] ← L[w]-1
10: end for
11: go to 4
12: else
13: return C+
14: end if
is C+, then |C+| = |C| − ε.
⇒ |C+| = (2− ε)|C∗|, 0 ≤ ε ≤ 1.
In some cases proposed method(C+) approaches to optimal solution when ε value is 1. Our
method is shown in Fig. 1, algorithm (Approximate Vertex-Cover), and proved in Theorem 2.
The comparison of the optimal vertex-cover, previous vertex-cover and proposed vertex-cover
shown in Fig. 2.
3 Conclusion
Here in our proposed technique we produce the set of vertex for vertex-cover problem. Which
is more near optimal solution and better than the previous technique.
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Figure 1: The operation of Approximate Vertex-Cover. (a) The input graph G, which has 7
vertices and 8 edges. (b) The vertex D has the highest weight, is the first vertex chosen by
Approximate Vertex-Cover. The weight of the vertex initiate to zero and the vertices directly
connected from vertex D weight value decrees by 1. The vertex D is shaded and the edges is
dashed incident from vertex D. The vertex D add to the set C+. (c) There are three vertex
with highest weight (B, C, E ); Arbitrary vertex C is chosen and add to the set C+. (d) Vertex
A is chosen; added to C+. (e) Vertex F is chosen; added to C+. (f) The resultant vertex cover
with our proposed method. Approximate Vertex-Cover, contains the four vertices a, c, d, f.
Figure 2: Comparison of optimal, Traditional and proposed vertex cover result. (a) The in-
putted original graph G. (b) The optimal result of input graph. (c) The result with traditional
method. (d) The proposed algorithm’s result for vertex-cover algorithm.
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